Paludibaculum fermentans gen. nov., sp. nov., a facultative anaerobe capable of dissimilatory iron reduction from subdivision 3 of the Acidobacteria organism, capable of growth at pH 4.0-7.2 (optimum pH 5.5-6.0) and at 4-35 6C (optimum at 20-28 6C). The major fatty acids were iso-C 15 : 0 and C 16 : 1 v7c; the cells also contained significant amounts of 13,16-dimethyl octacosanedioic acid (isodiabolic acid). The major polar lipids were phosphocholine and phosphoethanolamine; the quinone was MK-8. The G+C content of the DNA was 60.5 mol%. 16S rRNA gene sequence analysis showed that strain P105 T belongs to subdivision 3 of the Acidobacteria and is only distantly related (90 % sequence similarity) to the only currently characterized member of this subdivision, Bryobacter aggregatus. The novel isolate differs from Bryobacter aggregatus in its cell morphology and ability to grow under anoxic conditions and in the presence of iron-and nitrate-reducing capabilities as well as quinone and polar lipid compositions. These differences suggest that strain P105 T represents a novel genus and species, for which the name Paludibaculum fermentans gen. nov., sp. nov., is proposed. The type strain of Paludibaculum fermentans is P105 T (5DSM 26340
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Members of the phylum Acidobacteria represent one of the dominant bacterial groups in northern acidic wetlands (Dedysh et al., 2006; Dedysh, 2011; Pankratov et al., 2011; Lin et al., 2012; Serkebaeva et al., 2013) . As revealed by molecular surveys, these bacteria inhabit both oxic and anoxic peat layers and mostly belong to subdivisions 1 and 3 of the Acidobacteria (Lin et al., 2012; Serkebaeva et al., 2013) . The proportion of 16S rRNA gene sequences that can be assigned to taxonomically characterized members of the Acidobacteria is significantly higher in the surface layer than in the subsurface peat, indicating a major lack of knowledge about acidobacteria that thrive in anoxic peat (Serkebaeva et al., 2013) . Indeed, with the exception of Telmatobacter bradus and Acidobacterium capsulatum (Pankratov et al., 2012) , all currently characterized members of subdivisions 1 and 3 are strict aerobes. This study, therefore, aimed at isolation and characterization of those acidobacteria that inhabit anoxic peat layers of northern wetlands.
anaerobic system envelopes (Oxoid) for 4 weeks at 20 u C. Microbial biofilms that developed on these plates were screened by hybridization with Cy3-labelled probe HoAc1402, with reported group specificity for the phylum Acidobacteria (Juretschko et al., 2002) . This probe hybridized to relatively large, rod-shaped cells that were present on some of the plates. Cell material from these plates was further restreaked on medium MM (Kulichevskaya et al., 2010) In order to identify our novel isolate unambiguously, the 16S rRNA gene sequence of strain P105
T was determined. PCR-mediated amplification of the 16S rRNA gene was performed using primers 9f and 1492r and reaction conditions described by Weisburg et al. (1991) . Phylogenetic analysis was carried out using the ARB program package (Ludwig et al., 2004) . Trees were reconstructed using distance-based (neighbour-joining), maximum-likelihood (DNAML) and maximum-parsimony methods. The significance levels of interior branch points obtained in neighbourjoining analysis were determined by bootstrap analysis (1000 data resamplings) using PHYLIP (Felsenstein, 1989) . Comparative 16S rRNA gene sequence analysis revealed that strain P105
T belongs to subdivision 3 of the Acidobacteria (Fig. 1) . At present, this subdivision includes only one member with a validly published name, the strictly aerobic chemo-organotroph Bryobacter aggregatus (Kulichevskaya et al., 2010) . One additional, taxonomically uncharacterized representative of subdivision 3 with a determined genome sequence has been tentatively named 'Solibacter usitatus' and defined as an aerobic heterotroph (Ward et al., 2009 (91 %) (Fig. 1 ). Based on this distant relationship to all earlier described subdivision 3 acidobacteria, the present study was initiated in order to characterize strain P105 T and to determine its taxonomic position.
Once selected for taxonomic study, strain P105
T was maintained in liquid medium MM and was subcultured at 3-week intervals. Since B. aggregatus was the closest taxonomically described relative of our novel isolate, the type strain of this species, MPL3
T (obtained in our earlier study; Kulichevskaya et al., 2010) , was used as a reference organism in our study. It was grown in liquid medium MM and used in all comparative physiological tests.
Morphological observations and cell-size measurements were made with a Zeiss Axioplan 2 microscope and Axiovision 4.2 software (Zeiss). Cells of strain P105
T were Gram-negative, non-motile, non-spore-forming, relatively large rods, 0.4-0.6 mm wide and 2-9 mm long, that multiplied by normal cell division and occurred singly, in pairs or in chains of three to five cells (Fig. 2a ). This cell morphology was profoundly different from that of B. aggregatus MPL3 T , which presents short (0.8-1.3 mm long) rods or coccoids assembled in aggregates (Kulichevskaya et al., 2010) . On agar medium MM, strain P105
T formed colourless, circular colonies, 0.5-1 mm in diameter, after 2 weeks of incubation.
For preparation of ultrathin sections, cells of exponentially growing cultures were collected by centrifugation and prefixed with 1.5 % (w/v) glutaraldehyde in 0.05 M cacodylate buffer (pH 6.5) for 1 h at 4 u C and then fixed with 1 % (w/v) OsO 4 in the same buffer for 4 h at 20 u C. After dehydration in an ethanol series, the samples were embedded in Epon 812 epoxy resin. Thin sections were cut on an LKB-4800 microtome, stained with 3 % (w/v) uranyl acetate in 70 % (v/v) ethanol and then stained with lead citrate (Reynolds, 1963) at 20 u C for 4-5 min. For preparation of negatively contrasted samples, intact bacterial cells were stained with a 0.2 % (w/v) aqueous solution of uranyl acetate. Specimen samples were examined with a JEM-100B transmission electron microscope at an accelerating voltage of 80 kV. Thin-sectioned cells of strain P105
T displayed a cell-wall structure similar to that in Gram-negative bacteria (Fig. 2b,  c) . The outer surface of the cells was coated by S-layers with p2 lattice symmetry (Fig. 2d ). S-layers are found on many Gram-negative and Gram-positive bacteria, and various important functions have been proposed for these structures (Pavkov-Keller et al., 2011; Khmelenina et al., 2013; Fagan & Fairweather, 2014) . In members of the Acidobacteria, however, S-layers have not previously been observed, and the functional role of the S-layer in strain P105 T remains to be investigated.
Strain P105
T grew under both oxic and anoxic conditions. The best growth, with a generation time of 20 h, occurred under reduced oxygen tension, in 120 ml flasks filled with 60 ml liquid medium MM. These growth conditions and medium MM in which glucose was replaced with one of various carbon sources (0.05 %, w/v) and the yeast extract content was reduced to 0.05 g l 21 were used for carbon utilization tests. Control incubations that lacked substrate were run in parallel. The bottles were incubated at 20 u C under static conditions for 3 weeks and growth was monitored by measuring the OD 600 and comparing with a negative control. The ability of strain P105
T to degrade different biopolymers was determined under the same conditions after 1 month of incubation. In the case of insoluble polymer substrates (such as cellulose or chitin), growth was assessed by cell counts of DAPI-stained cells using an epifluorescence microscope. Sugars were the preferred substrates of strain P105 T , while good growth was also observed on starch, N-acetylglucosamine and glycerol. Organic acids were not utilized. Strain P105
T was capable of hydrolysing aesculin, laminarin, chondroitin sulfate, gelatin, peptone and xylan, but was unable to degrade pectin, fucoidan, pullulan, protein hydrolysate, cellulose, CM-cellulose, chitin or chitosan. The complete list of substrates utilized by strain P105
T is given in the species description.
The ability of strain P105
T to grow under anoxic conditions was examined using tightly closed 160 ml serum flasks containing 50 ml liquid medium MM, in which MgSO 4 . 7H 2 O and (NH 4 ) 2 SO 4 were replaced with MgCl 2 . 6H 2 O and NH 4 Cl in order to avoid unintended sulfate reduction. Before autoclaving, these flasks were flushed for 5 min with a mixture of CO 2 and N 2 (7 : 93). An anoxic mineral salt solution was prepared using a modified Hungate technique (Hungate, 1969) . To create anaerobic conditions, 0.6 mM titanium (III) citrate as a reducing agent (Jones & Pickard, 1980) and resazurin as an oxidation-reduction indicator (1 mg l
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) were added to flasks. Growth was assessed by measuring OD 600 after 2 weeks of incubation. The presence of fermentation products (organic acids, alcohols) in culture liquids was verified by using a Stayer HPLC chromatograph (Aquilon) equipped with a refractometric detector (Knauer) and an Aminex HPX-87H column (Bio-Rad), operated isocratically with 5 mM H 2 SO 4 as eluent at 0.6 ml min
. T confirmed the results of our previous study regarding its inability to grow under anoxic conditions (Kulichevskaya et al., 2010) .
T to reduce Fe(III) was assessed using twofold-diluted basal freshwater medium and the procedure described by Lovley (2006) . The medium was adjusted to pH 5.8 with 0.1 M HCl. FeCl 2 (1 mM) was added as a reducing agent. The electron donor used to evaluate potential electron acceptors was glucose (5 mM). The following potential electron acceptors were tested: amorphous ferric oxyhydroxide (20 mM), ferric citrate (50 mM), ferric nitriloacetate (NTA) (10 mM), potassium nitrate (5 mM), sodium nitrite (5 mM), sodium thiosulfate (5 mM), sodium sulfite (5 mM), sodium sulfate (5 mM) and sodium anthraquinone-2,6-disulfonate (AQDS; 5 mM). Fe(III) reduction was monitored as a colour change of the orange precipitate to black and by the accumulation of Fe(II) in the medium. Fe(II) was assayed with ferrozine, as described previously (Lovley & Phillips, 1986) , using a Cary-50 spectrophotometer (Varian). AQDS reduction was monitored as a colour change in the medium from opaque pink to bright orange. Growth of strain P105
T with different potential electron acceptors was monitored by cell counts of DAPI-stained cells using an epifluorescence microscope and by measuring OD 600 . For electron donor utilization experiments, ferric citrate (50 mM) was used as the electron acceptor. Carbon substrates were added from anoxic sterile stock solutions to a final concentration of 5 mM. The ferric medium without bacterial cell inoculation or an electron donor were used as the control. All tests were performed in triplicate. Strain P105
T was able to couple the reduction of Fe(III) to the fermentation of glucose (Fig. S1, Analysis of the enzyme profile, urease hydrolysis, indole production and Hugh-Leifson test were made with API 20NE and API ZYM kits (bioMérieux). Catalase was tested using method 1 described by Gerhardt et al. (1981) . Oxidase was tested using a commercial kit (bioMérieux). Strain P105
T was oxidase-and urease-negative, but catalasepositive. The test for nitrate respiration was positive. The following enzyme activities were also present: b-galactosidase, alkaline and acid phosphatases, esterase (C4), leucyl, valyl and cystine arylamidases, naphthol-AS-BI-phosphohydrolase, b-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase.
Susceptibility to antibiotics was determined on MM agar plates using discs containing the following antibiotics: ampicillin (10 mg), gentamicin (10 mg), kanamycin (30 mg), neomycin (10 mg), novobiocin (30 mg), streptomycin (10 mg), chloramphenicol (30 mg) and lincomycin (10 mg) (all from Oxoid). Strain P105
T was resistant to lincomycin, kanamycin and neomycin, but sensitive to ampicillin, chloramphenicol, streptomycin, novobiocin and gentamicin.
Physiological tests were performed in batch cultures grown in liquid medium MM in tightly closed 120 ml serum bottles containing 60 ml medium. Cultures were incubated for 20 days under a variety of conditions, including temperatures of 4-37 u C and pH 4.0-7.9. The pH was adjusted using MES (pH 4.0-6.5) or MOPS (pH 6.5-7.9). Growth was monitored by nephelometry at 600 nm. Strain P105 T grew at 4-35 u C, with an optimum at 20-28 u C. The pH range for growth was 4.0-7.2, with an optimum at pH 5.5-6.0 (Fig. S2) . Growth was inhibited completely at NaCl concentrations above 1 % (w/v). The doubling time of the bacterium under optimal growth conditions was 20 h.
Biomass of strain P105
T was obtained by cultivation under the same growth conditions as used before for the analysis of B. aggregatus MPL3 T (medium MM, incubation for 2 weeks at 24 u C) and analysed for cellular fatty acid and polar lipid compositions using methods described previously (Sinninghe Damsté et al., 2011) . In general, the fatty acid composition of our novel isolate was quite similar to that of B. aggregatus MPL3 T , although the proportions of individual fatty acids were somewhat different ( Table 1) . The major fatty acids were iso-C 15 : 0 and C 16 : 1 v7c; the cells also contained significant amounts of the membrane-spanning lipid 13,16-dimethyl octacosanedioic acid (isodiabolic acid). The relative abundance of C 16 : 0 in strain P105
T was significantly lower than that in B. aggregatus MPL3 T , while the relative abundance of iso-C 15 : 0 was double that in B. aggregatus MPL3 T . Comparison of intact polar lipids revealed significant differences between these two acidobacteria ( Table 2 ). The two major polar lipids in strain P105 T , phosphocholine and phosphoethanolamine, were found only in minor amounts in B. aggregatus MPL3 T . The latter, however, contained large amounts of dimethylated phosphoethanolamine, which was not detected in strain P105 T .
Isoprenoid quinones were extracted according to Collins (1985) and analysed using a tandem-type MS LCQ Advantage Max and ionization MS Finnigan Mat 8430 with atmospheric pressure chemical ionization. Mass spectra were first recorded in MS mode and then analysed using MS/MS mode. Cells of strain P105
T contained menaquinone MK-8 as the only quinone.
The DNA base composition of the novel isolate was determined by thermal denaturation using a Cary-100 UVVis spectrophotometer (Varian) at a heating rate of 0.5 u C min
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. The DNA G+C content was calculated according to Owen et al. (1969) . DNA of Escherichia coli K-12 (G+C content 51.7 mol%) was used as a standard. The DNA G+C content of strain P105 T was 60.5 mol%.
Major characteristics that differentiate strain P105 T from members of the genus Bryobacter are listed in Table 3 . The cell size and morphology of our novel isolate were clearly different from that of B. aggregatus. In contrast to the latter, strain P105
T was able to grow under anoxic conditions and possessed Fe(III)-and nitrate-reducing capabilities. It also differed from B. aggregatus in its quinone composition, possession of phosphocholine as the major polar lipid and by its higher DNA G+C content. We therefore propose to assign strain P105
T to a novel genus and species of subdivision 3 of the Acidobacteria, for which we propose the name Paludibaculum fermentans gen. nov., sp. nov.
Description of the genus Paludibaculum gen. nov.
Paludibaculum (Pa.lu9di.ba9cu.lum. L. n. palus -udis a swamp, marsh; N. neut. n. baculum a stick, rod; N.L. neut. n. Paludibaculum rod-shaped bacterium from wetland).
Gram-negative, non-spore-forming, non-motile rods that occur singly, in pairs or in short chains. Reproduce by binary fission. Non-pigmented. Oxidase-and urease-negative, but catalase-positive. Facultatively anaerobic. Sugars are the preferred growth substrates. Capable of hydrolysing several polysaccharides but not cellulose or chitin. Mildly acidophilic and mesophilic. Major fatty acids are iso-C 15 : 0 , C 16 : 1 v7c and 13,16-dimethyl octacosanedioic acid. Major polar lipids are phosphocholine and phosphoethanolamine. The quinone is MK-8. Member of subdivision 3 of the phylum Acidobacteria. The type species is Paludibaculum fermentans.
Description of Paludibaculum fermentans sp. nov.
Paludibaculum fermentans (fer.men9tans. L. part. adj. fermentans fermenting).
The description is as for the genus with the following additional traits. Cells are 0.4-0.6 mm wide and 2-9 mm long. Colonies are small (0.5-1 mm in diameter), circular and colourless. Growth under oxic and micro-oxic conditions occurs on glucose, fructose, galactose, lactose, cellobiose, maltose, mannose, melibiose, melezitose, rhamnose, ribose, trehalose, sucrose, xylose, raffinose, Nacetylglucosamine, pyruvate, salicin, arbutin, starch and . Abundance is given relative to the major peak in the LC/MS base peak chromatogram (+++, base peak; ++, 50-100 % of base peak;+, 10-50 % of base peak). Note that the MS response factors for different intact polar lipid (IPL) groups can be quite different. The predominant fatty acid composition is reported, where possible, as the total number of carbon atoms of the acyl moieties and the number of double bonds. IPLs are listed in order of elution. DMPE, Dimethylated phosphoethanolamine; MMPE, monomethylated phosphoethanolamine; PC, phosphocholine; PE, phosphoethanolamine; PG, phosphoglycerol; P-hex, phosphohexose. 
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